Abstract: Drawing on both social network and social capital theory, this study explores the formation of 'elusive ensembles' on the internet in BioTech Small and Medium-Sized Enterprises (SMEs). Social network and structural hole theories are combined to identify the social capital associated with a network, and this in turn is used to signal entrepreneurial opportunity. Interestingly the findings outline areas where better network coordination is possible. Specifically, the research suggests that entrepreneurial opportunities exist (1) to develop better relationships with those key actors who can exert influence on the network and (2) for enhancing value in the distribution channel by taking on the role as a network intermediary where suitable.
Introduction
It is widely accepted that successful networking can help Small and Medium-Sized Enterprises (SMEs) to survive and compete with larger firms (Copp and Ivy, 2001; Lipparini and Sobrero, 1994; Masurel and Janszen, 1998) . This study aims to identify new avenues to expand SME network associations to improve their effectiveness, usefulness and ultimately, their social capital and financial returns. Following van der Merwe et al. (2004) , we argue that 'elusive ensembles' are an important form of strategic alliances that exist between SMEs. Social network theory provides a useful foundation to explain the mechanisms and structures that individuals use to accumulate power in social settings, leading to the related construct of social capital (Scott, 1991; Wasserman and Faust, 1994) . This can be viewed as an asset benefiting the actors who have possession of it and constituting a resource available to an actor defined by its function (Coleman, 1990) .
Contingent to the theory of social networks is the theory of structural holes (Burt, 1992) . Structural hole theory views social capital as entrepreneurial opportunities inherent in structural disconnects. Hence "Structural holes are disconnections or non-equivalencies between players in the arena... Structural holes are entrepreneurial opportunities for information access, timing, and control" (Burt, 1992) . Drawing on both social network and social capital theory, this study explores the formation of elusive ensembles on the internet in Australian BioTech Small and Medium-Sized Enterprises SMEs. Social network analysis is used to identify key nodes in the network. Once the key nodes in the network have been identified, the distinguishing characteristics of these actors are described in managerially useful ways in order to increase the strategic value of the association. More specifically, structural hole theory is used to find entrepreneurial opportunities in these networks.
Social network theory and the theory of structural holes
Social network theory is based on the network concept, which "emphasizes the fact that each individual has ties to other individuals, each of whom in turn is tied to a few, some or many others, and so on" (Wasserman and Faust, 1994) . It is possible to model these relationships between individuals to represent the structure of the network. These models use actors and ties to represent networks. Actors are defined as "discrete, individual, corporate, or collective social units … e.g. people in a group, departments within a corporation, public service agencies in a city, etc." (Wasserman and Faust, 1994) .
Ties are the relationships between actors. Through network analysis techniques it then becomes possible to "study the impact of the structure on the functioning of the group and/or the influence of this structure on individuals within the group" (Wasserman and Faust, 1994) . Social network theory thus provides an alternative to the notion that actors function independently, that they make their own choices without consideration of the actors around them with which they have ties or relationships. Moreover, its strong theoretical and mathematical basis provides a framework for testing hypotheses about social relationships and their influences.
Closely related to social network theory is the theory of 'social capital', which deals with the intrinsic value of network structures. In general terms, social capital "consists of resources embedded in social relations and social structure, which can be mobilized when an actor wishes to increase the likelihood of success in a purposive action" (Lin, 2001a) . Lin (2001b) points out two important components concerning this definition. Firstly, resources are embedded in social relations rather than in the individual. The properties of the network and an actor's position in that network are more important than the actor himself.
Secondly, access and use of these resources is dependent on an actor being aware of their presence. If an actor is not aware of ties or relationships between him and other actors, he cannot use the resources available to him. Social capital then seems not to exist, and will only come into existence for that actor once he becomes aware of it. The ability to identify networks and key role-players in these networks will therefore make it possible to identify social capital where the relevant actors may be completely unaware of them. The goal of finding the key actors in a network can therefore be likened to gauging the social capital of a network and finding the value in networks where it was not previously observed. From the definition it is inferred that social capital depends first on an actor's position in the network (are they in the right place to access the resources?) and second it depends on the nature of the resources in the network (are the resources worth accessing?).
The many and varied benefits of social capital underpin our goal to explore the value of elusive ensembles. Adler and Kwon (2000) summarise three benefits as follows:
1 social capital provides actors in the network with (1) access to broader sources of information at lower costs 2 extended power and influence 3 solidarity between actors, as strong networks encourage compliance with rules and customs without the need for formal controls.
An important extension of social network theory is Ronald Burt's theory of 'structural holes'. This theory aims to explain "how competition works when players have established relations with others" (Burt, 1992) , and argues that networks provide two types of benefits: information benefits and control benefits. Information benefits refer to who knows about relevant information and how fast they find out about it. Actors with strong networks will generally know more about relevant subjects, and they will also know about it faster. According to Burt (1992) "players within a network optimally structured to provide these benefits enjoy higher rates of return on their investments, because such players know about, and have a hand in, more rewarding opportunities". Control benefits refer to the advantages of being an important player in a well-connected network. In a large network, central players have more bargaining power than other players, which also means that they can, to a large extent, control many of the information flows within the network. Burt's theory of structural holes aims to enhance these benefits to their full potential. A structural hole is "a separation between non-redundant contacts" (Burt, 1992) . The holes between non-redundant contacts provide entrepreneurial opportunities that can enhance both the control benefits and the information benefits of networks.
Social network theory and business networks
It is important to understand social network analysis to appreciate the contribution of this study. We focus on very simple network structures, namely one-mode directional and non-directional networks. We use graph theoretic notation to represent maps of the social networks. These graphs are also referred to as sociograms (for a more detailed description of graph theory and other theoretical approaches to social networks, see Wasserman and Faust (1994) ).
An important concept relevant to our discussion is that of redundancy. Contacts are redundant when they lead to the same people, and therefore to the same information (Burt, 1992) . The actor dynamics especially (centrality, prominence and prestige) can be very useful for business networks on the internet, as this will identify the most influential actors in the network. To enable network analysis for networks on the internet, we classify distinct websites as the actors or nodes in the network. Further, we classify the hyperlinks provided on one website to go to one of the other websites as the relationships or links between these nodes. For each of the websites in question, it is thus asked does website X link to website Y? It is important to note that if X links to Y, it does not necessarily mean that Y links to X. We are therefore interested in one-mode directional networks.
An important issue that needs to be addressed here is the question of whether or not passive hyperlinks between websites accurately reflect the relationship between those organisations. Does a hyperlink imply a strategic alliance between two organisations? In general, the answer is no. In fact, an argument can be made that these external links are often completely random and left to the whim of web designers. However, the fact remains that a hyperlink does mean a flow of information between the two organisations, and that is our focus point. A link may be random, but if it exists, a flow of information exists. We argue that such an 'elusive' link can in fact become a strategic alliance by identifying and enhancing the intrinsic social capital created by that link. Obviously this requires a leap of faith, but if two firms are linked, and neither of them is aware of this, then an opportunity is lost. If one or both become aware of the link (in other words it is no longer elusive), then the potential exists for cooperation between them. We therefore assume that a hyperlink is the best possible indication of an elusive ensemble between the two organisations.
Based on the theories already discussed, this study adopts the following methodology approach to explore SME networks. First, we will construct a sociogram of the network using websites as nodes and hyperlinks as links between the nodes.
Next, we will use social network analysis to identify the most prominent actors in the network. We will then use structural hole analysis to identify possible entrepreneurial opportunities in the network. Finally, we will interpret these results to enhance social capital and explore the strategic value of the associations that were identified.
Social networks and structural holes applied to biotech SMEs in Australia
The $28 billion biotechnology industry in a broad sense uses organisms, cells or molecules isolated from cells to make products or solve problems. Scientific breakthroughs in the 1970s allowed companies to capitalise on biotechnology techniques to make products ranging from better pharmaceutical drugs to enzymes that stonewash blue jeans. Today, about 1500 companies worldwide employ more than 179,000 people in research, development, manufacturing, sales and other types of jobs. Most of these companies are SMEs. We chose Australia as the venue for this study for a number of reasons. Firstly, most research in this regard is carried out either in Europe or north America, and we thought it would be both interesting and useful to provide information from another part of the world. Secondly, Australia has been condemned by economists such as Blainey (1966) to 'death by distance'. We wanted to see whether this was in fact still true in the age of the internet, where international links are as easy as local ones. Finally, bio-tech is a large business in Australia and the nation contributes internationally at a level far above its size in economic terms.
Our methodology for this research is well-grounded in previously published studies (Pitt et al., 2006) . We began by identifying three different biotech SMEs whose websites formed the starting point of the network. Obviously the number chosen and the specific firms selected are somewhat arbitrary, however, a start does need to be made, and of course, the more seed firms chosen, the more complex the networks become. We then visited each of these websites and recorded all the hyperlinks on these sites that refer to external websites. Using SiteSweeper 2.0 software, we identified all the external links. Next, we visited the websites of each of these external links and recorded 1 whether or not they link back to the originating website 2 to which external websites each of them link in turn.
Next, we visited each of the external websites identified in this iteration to check whether or not they link back to the site from which the link originated.
Having thus identified the relevant links, we constructed a sociogram of this network. Note that this network is constructed in three levels of intensity. The first level is the original website of the SME. The second level is the external websites that these originating websites link to. The third level is the external websites that each of the websites in the second level link to. We then analyse the data in two stages. First, we used Cyram Netminer 1.5 to perform the prominence analysis (centrality measures and prestige measures). Next, we employ STRUCTURE (software developed by Ronald Burt), to conduct the structural hole analysis. These forms of software are all 'tried and tested' and represent useful tools for analysing network data.
Findings and analysis
The interpretation process is progressive and recursive, as each stage is important not only to the next, but each stage also calls the analyst back to the previous. For example, prominence measures largely determine the nodes on which structural hole analysis will be performed (structural hole analysis is interpreted using the prominence measures). Each of these stages will now be discussed. Three Biotech companies were identified to undertake this analysis on:
Using SiteSweeper, external links were identified for each of these websites up to the third level, as explained earlier. An excerpt of the resulting sociogram is shown in Appendix A. Figure 1 shows a visual map of this network. The numbers on the network refer to the different websites that were visited, as shown in Appendix B. It is difficult to draw meaningful conclusions just by looking at this network, mainly because of its size (73 nodes). It is therefore necessary to turn to social network analysis techniques to discover which of these nodes are most prominent in the network. 
Prominence analysis
Three centrality measures were computed, namely Degree centrality, Closeness and Betweenness. Degree centrality calculates a normalised value of the amount of actors adjacent to a particular actor. This is an important measure because it provides "an intuitive notion of how well connected a point is within its local environment…the corresponding agent is central in the sense of being 'well-connected' or 'in the thick of things" (Scott, 1991) . Because this is a directional network, we divided this measure into two parts, namely out and in-degree. Out-degree computes the number of links sent to another actor, while in-degree refers to the number of links received by each actor (Valente, 1995) .
Closeness measures how close an actor is to all the other actors in the network. As Wasserman and Faust (1994) explain, "an actor is central if it can quickly interact with all others… actors occupying central locations with respect to closeness can be very productive in communicating information to other actors". The measure finds actors with the shortest communication paths to the others. Again, different measures for Out and In-Closeness were calculated. The third and last dimension of centrality that was measured is betweenness. Betweenness identifies actors that are between many actors in their linkages with each other. This measure is important because "a point of relatively low degree [centrality] may play an important 'intermediary' role and so be very central to the network… The betweenness of a point measures the extent to which an agent can play the 'broker' or 'gatekeeper' with a potential for control over others" (Scott, 1991) .
In this sense it is strongly related to structural hole theory.
The results of the analysis, performed with Cyram Netminer, are presented in Appendix C. Table 1 presents a summary of the results and the most prominent actors. Careful observation of this table shows us which of the companies/websites are the most prominent in this network. Websites that have high scores in most of the measures are: Corbett Research (15), Ranbaxy (55), Pharmanex (51) and Macromedia (35). It is easy to see why Macromedia's website would appear in this list. Most companies these days use 'Flash' technology created by Macromedia to enhance the media on their websites. These sites usually provide a link to Macromedia so that users can download the software to run 'Flash', if they do not have it installed on their computers already. Referring back to Figure 1 , we can see that all these sites are definitely prominent in the network. 
Structural hole analysis
The final stage of the findings -structural hole analysis looks at the three most prominent biotech websites (Corbett Research, Pharmanex and Ranbaxy) and aims to discover patterns and entrepreneurial opportunities that might not be evident from just looking at the visual map of the network. Burt's STRUCTURE software was used for this purpose. The analysis calculates several measures, the most important of which are:
• O i , the lack of holes around the actor itself.
• c ij , the constraint of absent primary holes. An actor's (i) entrepreneurial opportunities are constrained to the extent that another of his contacts (q), with whom he has a strong relationship, invested heavily and therefore also has a strong relationship with actor j. To put it another way, "your entrepreneurial opportunities are constrained to the extent that you have invested the bulk of your network time and energy in relationships that lead back to a single contact" (Burt, 1992) . c ij must therefore be low for structural holes (entrepreneurial holes) to exist.
• p ij , the 'proportion of i's network time and energy invested in each relationship' (Burt, 1992) .
Structural holes occur around a specific actor when there is a large O i (no or few structural holes around this particular actor); and there is a large p ij and a small c ij at the other end of a relationship with another actor (i.e. a large amount of time and energy invested in the relationship/small constraint on the actor's entrepreneurial opportunities). These conditions give rise to what Burt (1992) calls the hole signature of an actor. This visual representation of the difference between p ij and c ij provides an easy way to identify the structural holes around a specific actor. Structural hole analysis conducted on all three sites revealed an O i = 1, which means that there are no structural holes around those actors. Table 2 shows the values for p ij and c ij . 
Interpretation and discussion
Firstly, the prominence analysis calculated three measures that can be used effectively to identify the most important actors in the network. By implication this will develop the social capital of that network, which will define elusive ensembles more clearly as strategic assets to an organisation. The specific measure(s) used in the interpretation depends largely on the nature of the network and what the marketer intends to accomplish in the network. For example, if the intention is to introduce information to a network of websites as fast as possible, In-Degree centrality, In-Closeness centrality and Betweenness would be the best measures to use, as these measures indicate which actors are most likely to be reached when someone visits one of the sites included in the network. By studying measures for the Biotech network, we envisage the potential to introduce new information on websites like Corbett Research, Ranbaxy and Pharmanex. Centrality measures are also strongly linked to the diffusion of innovations. Valente (1995) notes "For networks, structural centrality is associated with more rapid diffusion for advantageous innovations and slower diffusion for more risky/uncertain innovations". Centrality is therefore not only an important measure to decide which actors are the most influential in a network; it also directly affects the speed with which new information is disseminated.
Secondly, the structural hole analysis identified several possible entrepreneurial opportunities in the network. These opportunity relationships can now be investigated to see whether or not it is practically possible to find a tertius strategy. As with centrality measures these opportunity relationships can develop the social capital of the network, and the elusive ensemble then becomes strategic for the organisations in question. In this case, as an example, one of the interesting opportunities exists between Ranbaxy and Doctor Anywhere.
Ranbaxy is India's largest pharmaceutical company. It has been rated the 11th largest 'generic' company worldwide. The company exports its products to over 70 countries, with ground operations in 25 and manufacturing facilities in 7 countries. Doctor Anywhere is an online portal for medical practitioners in India that links doctors with specialists nationwide. DoctorAnywhere.com is a B2B e-commerce service that offers access to medical specialists around India by medical practitioners requiring an expert opinion. Subscribers can select any specialist of their preference and consult them, thus seeking expert opinion through the internet. On its website, Ranbaxy links to a special section on Doctor Anywhere that deals specifically with advances in AIDS research.
A typical tertius gaudens strategy in this case would involve a third party organisation that puts itself between these two organisations and negotiates the relationship between them. An entrepreneurial opportunity for the third party organisation may be to serve as an intermediary between these two to control the flow of information and knowledge between them. At the moment, these companies are linked by their mutual interest in the advancement of AIDS treatments. However, it is entirely possible that these two companies may be able to link up on several more areas that they are both interested in. The third party organisation will then spend most of its resources on managing the complex relationship and the flow of intellectual capital between these companies. This intermediary could further expand its influence by approaching other biotech companies that could add to the knowledge base of Doctor Anywhere, helping to create a medical portal that not only links doctors with specialists, but also provides an avenue where important medical research can be presented.
This would create a powerful network that can greatly improve cooperation and the advancement of medical research. The management of this complex flow of information between organisations where knowledge is the most important asset is of utmost importance, and a perfect opportunity for tertius gaudens. Every network will have a different structural hole analysis output, and each network should be analysed and interpreted separately. The Biotech case shows that although it is impossible to provide a set blueprint for interpreting the results, each network and its analysis will raise enough questions to point the researcher/manager in the right direction to identify entrepreneurial opportunities.
Managerial implications
The simplest, but still most striking observation of the analysis above is that in these days of the internet, a high tech firm will have international relationships, and be a part of global networks, whether these are intentional strategies or not. For example, Australian players are significantly connected to major Indian firms. Social network analysis enables managers to become aware of these links to explore the opportunities they may present, and perhaps to minimise the possible threats they may imply.
The prominence analysis calculated three measures that can be used effectively to identify the most important actors in the networks. By implication this will enable international managers to develop the social capital of that network, by defining concealed links more clearly as the strategic assets of an organisation. The specific measure(s) used in the interpretation depends largely on the nature of the network and what a firm intends to accomplish. For example, if the intention is to introduce information to a network of websites as fast as possible, In-Degree centrality, In-Closeness centrality and Betweenness would be the best measures to use, as these measures indicate which actors are most likely to be reached when someone visits one of the sites included in the network. Studying these measures for the biotech networks, the measures might therefore cause us to introduce new information on websites like Corbett Research, Ranbaxy and Pharmanex.
The structural hole analysis identified several possible entrepreneurial opportunities for global firms and suppliers of biotech products in the network. These opportunity relationships can now be investigated to see whether or not it is practical to find a tertius strategy. As with centrality measures these opportunity relationships can develop the social capital of the network, and the previously hidden network then becomes strategic for the organisations in question. As highlighted in this case, an interesting opportunity was presented here between the websites of Ranbaxy and Doctor Anywhere. As shown, a typical tertius gaudens strategy in this case may involve a third party organisation that puts itself between these two organisations. An entrepreneurial opportunity exists for such a third party organisation to serve as an intermediary and control the flow of information and knowledge.
Conclusions and directions for further research
This study examined the degree to which social network theory can be used to explore the formation of 'elusive ensembles' on the internet. Accordingly, we have demonstrated how sociograms can be created to represent elusive ensembles on the internet; how social network theory can enable us to identify important actors in a network and how social network theory, combined with the theory of structural holes, can be used by managers to identify and enhance the social capital in networks through identifying entrepreneurial opportunities. This study ultimately shows that through proper network analysis, elusive ensembles can constitute an important form of strategic alliance for SMEs. This study establishes a number of directions for future research. For example, to apply this method to more (and even larger) networks would be useful to strengthen the approach and findings.
There are a number of avenues that can be pursued for research in this regard in the future, for networks are identified in the business-to-business marketing literature as a critical issue (cf. Anderson et al., 1994; Borders et al., 2001; Ehret, 2004; Iyer, 2004; McAfee, 2000) , and this is especially true in the global arena. Whereas this research has explored the links between firms, it is apparent that firms do not only link to other firms, but also to other organisations such as government departments and semi-government and non-profit bodies, many of which are in other countries. It would therefore seem fruitful to explore these links, and also the links between industries. For example, while biotech firms may have obvious links to other biotech firms, are there links and structural holes between the biotech industry and other industries, such as chemicals, information technology and electronics, which could provide opportunities for astute business-tobusiness marketers in the international environment?
Recently there has been a renewed interest in clusters and cluster dynamism in innovation research (cf. Carayannis et al., 2006; Onsager et al., 2007; Tikkanen and Renko, 2006) , and important work on the crossovers between innovation networks and high-tech clusters (Cook and Pandit, 2005 ). An obvious fruitful area for further research exists that will examine these issues from a social networks perspective. Whilst the software used here proved useful for analysing quantitative data, a limitation of the approach is that further qualitative research and analysis could be undertaken to explore these networks in more depth. Such inductive research involving 'case study' investigations, etc will prove useful for enhancing the validity of the data.
Research could also expand on these preliminary findings and seek ways to formalise the argument for proper use in any industry. As mentioned in this study, and as illustrated in the Biotech SME examples, there are two main outcomes for different network analyses. Firstly, prominence analysis can be used to identify the most important actors in a network. This information is essential for managers who want to disseminate information across a network as quickly as possible. Prominence measures not only allow managers to identify the actors that will have the most influence on the network, it also shows them which actors to target if they want to distribute the information throughout the network in the fastest way possible. This observation finds a strong tie-in with, and is thoroughly backed up by diffusion of innovation theories (see Rogers, 1995; Valente, 1995) .
Secondly, managers can use this information to identify entrepreneurial opportunities in the network, and it will also make them aware of the opportunities that may exist around themselves, that is, openings that may be exploited by third party organisations.
